 EA intervention could improve depression-like behavior in WKY depression rat model.  EA could reverse the impairment of synaptic plasticity in the hippocampus.
A C C E P T E D M A N U S C R I P T
Introduction
A C C E P T E D M A N U S C R I P T Depression is a major human blight worldwide. According to the WHO, about 350 million people suffer from depression (Smith, 2014) . The main problem is that most of the patients with depression do not receive evidence-based interventions resulting in a huge treatment gap (Shidhaye et al., 2017) . Moreover, due to addiction, tolerability problems and multiple side effects, 40%-60% of patients with major depressive disorder do not respond adequately to first-line pharmacotherapies (Thase et al., 2017) .
Serotonin (5-HT) is a monoamine neurotransmitter that plays an important role in physiological functions, such as sleep, feeding, sexual behavior, temperature regulation, pain, and cognition, as well as in pathological states including mood disorders, anxiety disorders, psychosis, and pain disorders (Chilmonczyk et al., 2015) . It is believed that the 5-HT system has been implicated in the pathogenesis of depressive disorder (Blier and El, 2013) . According to the relevant research, the 5-HT system plays an important role in both the pathophysiology and treatment of depression (Mouri et al., 2016) . The 5-HT hypothesis in depression has been widely accepted. Therefore, selective serotonin reuptake inhibitors (SSRIs) are the most common antidepressants used to treat depression (Gentile, 2015) . However, the latest study found that SSRIs have become a class of drugs that can produce troublesome side effects, like sexual dysfunction, gastrointestinal reactions, anxiety symptoms, palpitations, drowsiness, etc. (Riediger et al., 2017) Persistent alterations in neurotransmitter-mediated synaptic transmission could produce the development of a persistent depressive affective state. Moreover, longterm synaptic plasticity has been a major target of study in cognition, memory storage, and depression (Vose and Stanton, 2017) . It is reported that depressive subjects have neurocognitive impairment in attention, memory, learning ability and executive function (Gualtieri et al., 2006; Porter et al., 2003) . Some animal studies have reported that depressed rats had spatial learning deficits and impaired reference memory (Bhagya et al., 2008) . Others observed that long-term potentiation (LTP) induction was impaired in depressed rats (Mahati et al., 2016) .
The overall adjustment, the non-toxicity and the addiction-free treatment methods are the advantages of EA. EA treatment for depression has achieved great clinical effect in recent years (Dong et al., 2017) . The clinical practice guideline of the American college of physicians (ACP) have pointed out that EA therapy for depression has significant efficacy and low side effects (Qaseem et al., 2016) . However, the precise contributing factors and mechanisms of EA for depression are still unknown. In this study, we investigated the effect of EA on synaptic plasticity and 5-HT receptors in WKY transgenic rat models.
Materials and Methods

Animals
Four-week-old male Wistar Kyoto (WKY) and Wistar rats were obtained from Vital River Laboratory Animal Technology Company (Beijing, China) and Slac Laboratory Animal Technology Company (Shanghai, China), respectively. The rats were kept under standard conditions (22±2℃, 50%-60% relative humidity, alternate darklight cycles with light on at 8:00 am; food and tap water were available ad libitum). WKY rats were randomly divided into 6 cages, 3 rats per cage. All rats were adapted to the environment for 1 week before the experiment.
All experimental procedures were performed according to the Suggestions for the Care and Use of Laboratory Animals formulated by the Ministry of Science and Technology of People‫׳‬s Republic of China and approved by the Animal Ethics Committee at Shanghai Municipal Hospital of Traditional Chinese Medicine, Shanghai, China.
Experimental Design
The WKY rats were randomly categorized into three groups: EA group (n=6), Sham EA group (n=6), and Model group (n=6). The Wistar rats (n=6), as an outbred albino rat strain from WKY, were used as the Normal Control group in this study.
Rats in the EA group were treated with EA for 21 days as we reported earlier. Each rat was placed under an inverted clear 5″×8″×11″ plastic chamber without any restriction or anesthetic. Disposable, sterile, and stainless steel acupuncture needles (diameter, 0.25 mm; length 25 mm; Suzhou Medical Appliance Factory, Suzhou, China) were inserted at Baihui (GV20) and Yintang (EX-HN3) to a depth of approximately 0.5 mm. An electrostimulator, Huatuo‫׳‬s Acupoint Nerve Stimulator (SDZ-V; Huatuo Medical Technology Co., Ltd. Suzhou, China), was connected, and electrical current was delivered to the needles. The anode was inserted into EX-HN3 and the cathode was inserted into GV20. The frequency of EA was held constant at 2 Hz (2 pulses/s) and pulse width was 0.2 ms. The intensity was set to 0.1 mA and increased to 4 mA, resulting in gentle head nodding, which was tolerated by the rats. The needles were retained for 15 min.
The Sham EA group received no electrical stimulation: After disinfection of the acupoint sites with 75% alcohol，the needles were affixed to the surface of GV20 and EX-HN3 so that they touched the skin but did not penetrate into the acupoints. The needles were retained for fifteen minutes. The Normal Control and Model groups were not given any treatment, except daily gentle handling like the EA group and sham EA group.
Behavioral Tests
The forced swimming test (FST) , open-field test (OFT) and sucrose preference test (SPT) were conducted at least 12 hours after completing the EA treatment on day 21.
The specific sequence of behavioral tests after completion of the 21-day EA treatment was as follows: the SPT was performed on day 22; the OFT was performed on day 23; the pre-training of FST was performed on day 24; the formal test was performed on day 26.
Forced Swimming Test (FST)
The FST was conducted over two days and consisted of pre-training and test. During pre-training in the first day, each rat was placed in a clear Plexiglas cylinder (30 cm diameter×40 cm height) filled with 32 cm of 24 ± 1 °C water for 15 minutes. The results of the pretests were not recorded. Twenty-four hours after the pre-training, the test was conducted; each rat was put in the apparatus for 5 minutes one by one. After completion of the test, the animal was dried thoroughly and placed back in its home cage. The apparatus was drained and cleaned after each use. The test session was videotaped and the time of immobility was measured. In addition, immobile times were screened for analysis following the methods previously reported (Tanahashi et al., 2016) . The immobile state is defined as a state in which the rat suspends most movements, and performs only those movements of the limbs necessary to maintain balance.
Open-Field Test (OFT) Locomotor activity of each rat was detected through the open-field test (OFT).
The open-field apparatus is a square black box (80 cm × 80 cm × 40 cm), of which the base was divided into 16 × 16 cm equal squares with legible white lines. Each rat was placed in the center of the floor and then allowed to enjoy independent movement and explore freely for 5 minutes. All activities were recorded using a video camera mounted above the open field and recorded in real time. According to our previous studies , OFT can be used to measure depression. The total distance and time represent the rat's spontaneous activity, the central time and distance represent the rat's ability to explore, and the rearing and grooming incidents represent the rat's curiosity. So, the center time, total move time, center distance, total distance, rearing and grooming incidents were analyzed using the motion tracking system.
Sucrose Preference Test (SPT)
Anhedonia is expressed as reduced sucrose consumption (Jiang et al., 2017) . Therefore, the SPT could evaluate the depression-like behavior in rats. Before the test, the rats were habituated for 24 hours to two bottles: one with 1% sucrose (Sigma) and the other with pure water. On the 21 st day of EA treatment, all rats were deprived of water for 24 h. Then the rats were given two identical bottles to test sucrose consumption for 24 h. Two bottles per cage was adopted throughout the procedure. Sucrose solution consumption was recorded by calculating the volume of test solution.
Electrophysiological Recording
After the behavioral tests, rats were anesthetized with sodium pentobarbital (40 mg/kg, intraperitoneal) and decapitated. The brains were immediately removed and placed in ice-cold modified artificial cerebrospinal fluid (mACSF), which consisted of 2.5 mM KCl, 25 mM NaHCO3, 0.5 mM CaCl2, 7 mM MgSO4, 1.25 mM NaH2PO4, 110 mM Choline Chloride, 11.6 mM Sodium Ascorbate, 3.1 mM Na Pyruvate, and 25 mM d-glucose, PH 7.4, and was continuously saturated with carbogen (95% O2, 5% CO2). Both the brain hemispheres were dissected on ice, one side was placed in liquid nitrogen for the western blot and the other side was used for electrophysiological recording. Coronal hippocampal slices (370µm) were cut using a vibratome (3000, Pelco 100, Ted Pella, Redding, CA, USA) in ice-cold mACSF. Slices were transferred to an incubating chamber filled with ACSF containing 20 mM NaCl, 2.5 mM KCl, 2.5 mM CaCl2, 1.3 mM MgSO4, 1.0 mM NaH2PO4, 26 mM NaHCO3, and 10 mM dglucose, PH 7.4 to be incubated for 1 h at 31 °C, and recovered for 0.5 h at room temperature before recording.
During field excitatory postsynaptic potentials (fEPSPs) recording, a bipolar tungsten stimulating electrode was placed in the stratum radiatum of CA1, and a recording glass microelectrode (2-10 MΩ, filled with 0.5M CH3COONa) was placed in the same layer, lateral to the stimulating electrode, to record the long-term potentiation (LTP) in the Schaffer pathway induced by electrical high frequency stimulation. Test stimuli were delivered every 30 s. After recording a stable baseline for 15 min, LTP was induced by a tetanic stimulus at 100 Hz for 2 s. fEPSP continued to be recorded for at least 45 min after high-frequency stimulation was administered. Data were recorded using a Multiclamp 700B amplifier and digitized with a Digidata 1322 A (Axon Instruments, Foster City, CA).
Western Blot
The hippocampal CA1 region tissue membrane proteins were prepared using Membrane and Cytosol Protein Extraction Kit (Beyotime, Jiangsu, China), the protein concentration was determined using a Pierce® BCA Protein Assay Kit (Thermo Scientific, Waltham, Massachusetts, USA). Membrane proteins (10 μg) were fractionated by electrophoresis through a 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto polyvinyl difluoride (PVDF) membranes (Millipore, Massachusetts, USA). Membranes were blocked with TBST (1×Tris-buffered saline, 0.1% Tween-20 with 5% nonfat dry milk) for 1 h, and then incubated with primary antibody overnight at 4 °C. The concentrations of primary antibodies were as follows: 5-HTT (1:1000, ab172884, Abcam), 5-HT1A (1:1000, sab430111, Sigma), 5-HT1B (1:1000, ab13896, Abcam), GAPDH (1:20000, Kang Chen). After the overnight incubation, membranes were washed three times with TBST for 10 min each and then incubated with HRPconjugated secondary antibodies for 1 h at room temperature, then followed by another three washes. Finally, the protein bands were detected with ECL (Millipore, Massachusetts, USA). Chemiluminescent signals were detected and analyzed by
Statistical Analysis
All data were statistically analyzed by SPSS 22.0 for Windows 10, and expressed as the mean ± standard deviation. Comparisons between different groups were performed using the one-way analysis of variance (ANOVA) test, followed by the least significant difference test for post-hoc analyses. Probability values less than 0.05 (P≤0.05) were considered statistically significant.
Results
FST
The results of FST are shown in Fig. 1 
OFT
The results of OFT are shown in Fig. 2 . The duration of time spent by the rats in the central area was significantly (P<0.001) shorter in the Model group in comparison to that of the Control group. Furthermore, the center time was significantly (P<0.05) longer in the EA group than in the Model group ( Fig. 2A) . Compared to that of the Model group, the total move time was not increased in the EA group (P<0.05), but significantly (P<0.01) increased in the Control group (Fig. 2B) . The distance traveled within the central area (Fig. 2C) was significantly (P<0.01) shorter in the Model group and Sham EA group than in the Control group. Meanwhile, the total distance (Fig. 2D ) in the Model group and Sham EA group were significantly shorter than that of the Control group (P<0.05 and P<0.01, respectively). The number of rearing and grooming incidents were significantly smaller in the Model group and Sham EA group than in the Control group (Fig. 2E). 
Sucrose Preference Test (SPT)
The results of the sucrose preference test are shown in Fig. 3 . Compared to that of the EA group, the sucrose solution intake was significantly reduced in the Model group (P<0.05). It was improved after EA treatment compared to Sham EA group (P<0.05), suggesting that EA can increase the rats' sucrose preference. Sham EA as a placebo make no difference.
Electrophysiological Recording
The results of hippocampal Schaffer collateral-CA1 LTP induced by the 100 Hz tetanus for 2 s are shown in Fig. 4 
Western Blot
The expression of 5-HTT and 5-HT1A protein was significantly higher in the Model and Sham EA groups (Fig. 5) . Treatment with EA reduced the expression of 5-HTT and 5-HT1A protein to levels observed in the Control group. No differences were found in 5-HT1B comparisons among all the groups.
Discussion
The present study aimed to determine the effect of EA on neuronal synaptic plasticity and 5-HT receptor expression in depressive model rats. The WKY rat is characterized as a genetic model of depression. WKY rats showed a series of depressive symptoms that mimic those in humans such as exaggerated immobility in the FST and low levels of social activity (DaSilva et al., 2011) . This strain also showed resistance to the antidepressant efficacy of selective serotonin reuptake inhibitors, suggesting that it may provide insight into mechanisms that confer resistance to antidepressant treatment (Xu et al., 2011) . The behavioral tests were used to evaluate the rat's ability to adapt to new environments, the sensitivity to reward stimulation and pleasure, and the state of anhedonia (Jiang et al., 2017) . Our findings indicated that the WKY rats' (Model group) immobility time was significantly increased in the FST; the center time, total move time, center distance, total distance, rearing and grooming incidents were all decreased in the OFT; the sucrose consumption was significantly decreased in the SPT. The data of the present study is consistent with a current study that shows chronic unpredictable mild stress (CUMS) could induce depressive-like behaviors, illustrating that WKY rats could effectively imitate the symptoms of depression in patients . Importantly, the results showed that EA intervention significantly decreased the immobility time in FST when compared to the Sham EA group. The center time, total move time and sucrose intake were significantly increased in the EA group when compared to the Model group. The above experimental results showed that EA has a strong effect on ameliorating depressionrelated behaviors. Hippocampal LTP, as a model of synaptic plasticity, plays a critical role in learning and memory (Li et al., 2015; Li et al., 2010) . The study found that HFS-induced LTP at CA3-CA1 synapses significantly decreased in CUMS depressive rats, indicating that the depression resulted in LTP impairment and cognitive decline . Related research reported that LTP-like plasticity in depression patients is significantly impaired in comparison to that of healthy people; this synaptic plasticity attenuation recovers after depressive state remission (Kuhn et al., 2016) . This study showed that EA improved the learning impairment and hippocampal synaptic A C C E P T E D M A N U S C R I P T plasticity of depressed rats. In our study, high-frequency stimulation failed to induce LTP in the Model group, suggesting that the synaptic plasticity of WKY depression model rats was impaired. Compared to that of the Model group, the fEPSP slope of the EA group increased significantly; also, the LTP induction was successful, which indicates that the damaged synaptic plasticity of depression rats was restored after the EA treatment. This further identifies impaired LTP-like plasticity as a potential pathomechanism and treatment target of the disorder. Many studies have reported that 5-HT plays an important role in shaping synaptic plasticity of the developing and mature nervous system and that alterations in 5-HT receptors and other components of serotonergic can result in neurodevelopmental and psychiatry disorders (Lesch and Waider, 2012 ). An important study found that brain serotonin turnover was significantly increased in depression patients who are influenced by the 5-HTT genotype; after receiving 12 weeks of treatment with an SSRI, the serotonin turnover decreased (Barton et al., 2008) . 5-HTT plays a critical role in autoregulation of serotonergic neurotransmission and emotional regulation. Alterations in 5-HTT activity are associated with increased risk for depression (Hagan et al., 2012) . Another study reported that mice with higher 5-HT1A autoreceptor levels had decreased resilience to stress, increased behavioral despair and a depressive phenotype (Richardson-Jones et al., 2010) . Quantification of 5-HT1A receptor levels in humans from post mortem and positron emission tomography imaging studies reveals an increased level of 5-HT1A receptors in depression patients (Nautiyal and Hen, 2017) . Our findings are consistent with current evidence that excessive 5-HTT and 5-HT1A expression can lead to depression. The western blot results revealed that EA can significantly reduce 5-HTT and 5-HT1A protein expression in the hippocampus CA1 region of depression model rats. A previous study reported that the serotonergic mechanism was involved in the psychological stress-induced alteration in synaptic plasticity in the rat hippocampal CA1 field (Matsumoto et al., 2004) . Sumitaka Inoue et al (Inoue et al., 2014) reported that pretreatment with a 5-HT1A receptor partial agonist, suppressed LTP, and this inhibition was reversed by a 5-HT1A receptor selective antagonist in the males. These results indicate that stimulation of 5-HT1A receptors lead to suppression of LTP, the median raphe nucleus (MRN)-hippocampus 5-HT pathway via 5-HT1A receptors could certainly influence the synaptic plasticity. Therefore, the 5-HTergic neural system affects cognition and emotional states by modulating synaptic plasticity (Jabeen, 2011) . Although previous studies have shown that the 5-HT receptor is associated with a depression of excitatory transmission, it was still unclear what type of 5-HT receptor was responsible for this effect (Lippiello et al., 2016) . By using EA treatment on WKY depression model rats, we found that 5-HTT and 5-HT1A receptors may be associated with synaptic plasticity in the hippocampal CA1 region. 5-HT is an important neuromodulatory transmitter with distinctive neuroplastic capabilities (Kraus et al., 2017) . Consequently, these data suggest that unbalanced 5-HT receptor levels coupled with altered synaptic plasticity is a key pathophysiological mechanism in depression. Assuming 5-HT can modulate neuroplasticity (Batsikadze et al., 2013) , our study illustrates that EA treatment may decrease the expression of 5-
HTT and 5-HT1A proteins, thereby promoting synaptic plasticity and alleviating depression-like behavior.
Traditional Chinese acupuncture treatment has been shown to have an effect on nervous system diseases for thousands of years (Lu et al., 2016) . Therapeutic effects of EA at Baihui (GV20) and Yintang (EX-HN3) points on depression have been confirmed by our previous studies (Yin et al., 2016) . The present study demonstrates that EA at Baihui (GV20) and Yintang (EX-HN3) exhibits antidepressant-like effects by decreasing the expression of 5-HTT and 5-HT1A in the CA1, attenuating impaired synaptic plasticity. It is reported that P11 has emerged as a key for the study of the pathophysiology of depression in the lateral habenula (LHb) (Seo et al., 2017) . While P11 is present in various neuronal circuits in distinct neuronal types, it has different molecular mechanisms in different brain regions. Although P11 modulates 5-HT1B functioning, and several 5-HT receptor subtypes are associated with depression, these receptor differences vary across different brain regions (Anisman et al., 2008) . Therefore, further studies will focus on the expression of P11 and 5-HT receptor signal pathways in other brain regions after EA, which may explore new mechanisms of EA for depression.
Conclusions
EA may alleviate depression-like behaviors and reverse the impairment in the CA1 synaptic plasticity of the hippocampus by down-regulating overexpression of 5-HTT and 5-HT1A receptor in depressive rats. A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T
